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ABSTRACT
Control charts are categorized into two groups; i.e univariate and multivariate control 
charts. Hotelling T2 control chart is widely being used in the multivariate control 
chart. The presence o f outliers will affect the accuracy of both mean and covariance 
matrix and thus consequently cause wider control limit, which makes it more difficult 
to detect abnormalities. This study investigates the performance of classical and 
robustified Hotelling T2 control charts. Consequently, this study proposes to replace 
the ordinary mean with robust means, namely the trimmed and decile means in the 
first phase when computing the Hotelling T2 control chart. These robust statistics are 
integrated in three different Hotelling T2 control charts methods, namely the Re­
weighted Minimum Covariance Determinant (RMCD), the Minimum 
Vector Variance (M W ) and the Minimum Volume Ellipsoid (MVE). Simulation 
study is used to assess the performance of these control charts. The real data set used 
is the consumer household water consumption data that is used to detect excessive 
water usage in a household. The data is used due to the complexity of the problem in 
detecting excessive water usage. A classical chart with the implementation of median, 
RMCD with decile mean, MVE with median and M W  with mean, gives best result in 
each method comparison. The results of the study indicate that the Hotelling T2 
control chart with M W  gives a more accurate detection among all. However, each of 
the methods is best for certain specification of characteristics. The proposed approach 
in detecting suspected excessive household water usage has great potential to be 
implemented as a software for online monitoring of domestic excessive water usage.
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CHAPTER ONE 
INTRODUCTION
1.1 INTR O D U C TIO N
Control chart is a graphical display of a quality characteristic that has been 
measured or computed from a sample versus the sample number of times 
(Montgomery, 2009). It was originally proposed by Walter A. Shewhart while 
working for Bell Laboratories in the late 1940’s as been stated in (Bhattacherjee & 
Samanta, 2002). Control chart is an important part of the tools in statistical process 
control (SPC) that evaluates the variety of processes and determines the process 
control and control steps of the DMAIC (Define, Measure, Analyse, Improve, 
Control). Control chart helps to reduce variability, monitor performance over time, 
and allow process corrections to prevent rejection and most importantly, its trends and 
out-of-control conditions are immediately detected.
Important components in a control chart consist of the following items, namely 
the Center Line (CL), Upper Control Limit (UCL), and Lower Control Limit (LCL). 
All data are said to be in control if all cases are within the control limits. If any of the 
cases do not fall within the LCL and UCL, it is assumed to be out of control, and a 
proper process corrections should be taken to prevent rejection.
Control charts are divided into two types, which are univariate and 
multivariate. Univariate control chart is used for one measurement process. 
Meanwhile, multivariate control chart is for more than one measurement process that 
correlate with each other at a time. Univariate control charts consist of attributes and 
variables. The attribute control charts arises when items are compared with some 
standard. Then, the attributes are classified as to whether or not meeting the standard, 
also called as conforming and non-conforming (Hsiuying, 2009). Examples of 
attributes are ‘yes or no’, ‘defect or non-defect’, or ‘hot or cold’. Meanwhile, variable 
control charts different from attributes due to variable control charts use quantitative 
scale (Montgomery, 2009). For example, length of a ruler, weight of the paper and 
thickness of a book. Multivariate control charts, on the other hand, used multiple 
attributes that correlate with each other at a time. Multivariate also consist of
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